Abstract. The adaptative classification of the rays received from a constellation of geodetic satellites (the Global Positioning System (GPS)) by a set of ground receivers is performed using neural networks. This strategy allows us to improve the reliability of reconstructing the ionospheric electron distribution from GPS data. As an example, we present the evolution at global scale of the radially integrated electron density (total electron content (TEC)) for October 18, 1995, coinciding with an important geomagnetic storm.
The amount of data implied, however (more than one million delays collected each day in the IGS network), jointly with its inhomogeneous distribution, makes it difficult to solve the problem, so that new algorithms and strategies must be considered in order to perform the tomography of the ionosphere. Several approaches has been developed recently by some authors.
Sardon et al., [1994] estimates the total electron content (TEC) for each GPS receiver, in a local ref-
erence frame, using the Kalman filter to update the TEC. This strategy is adapted to the data, i.e., it provides more TEC estimations where more receivers are available. However, this method is not adequate for global TEC modeling using a high number of stations (50 or more) due to the very high computation load that introduces the use of Kalman filtering for each update epoch (each 2 min in that work).
Wilson et al., [1995] and Juan et al., [1997] avoid the high update frequency in the Kalman filtering by choosing an inertial reference frame. However, in both works the orthogonal basis in which the TEC distribution is explained (spherical harmonics and regular cells (boxels), respectively) is not adapted to the data.
In this paper we mainly discuss the different data analysis problems encountered in the estimation of the ionospheric electron distribution using ground data from the IGS network and the solutions adopted, emphasizing the adaptative clustering of the rays using the Kohonen neural network algorithm. This technique will be applied for bidimensional modeling of the overall ionosphere, i.e., at global scale, in an inertial reference frame generating cells adapted in size to the variable sparsity of the data. Then, we have chosen an Earth-centered pseudoinertial reference system (ECI), where the X axis points toward the vernal equinox and the Z axis points toward the geographic north pole; the XY plane is the celestial equator. In the ECI the Sun is only moving 1 ø per day. The associated spherical coordinates are the right ascension c• (azimuthal angle) and the declination 5 (angle referred to the equator). For practical purposes, i.e., to know which is the TEC over a given observer, it can be interesting to know the ionospheric electron distribution in an earth-fixed reference frame, in terms of longitude and latitude. As the main difference is just a rotation over the Earth pole, we will represent also in our final results the projection of the Greenwich meridian.
Model

Getting the Ionospheric Delays (or the Modified STEC)
The slant total electron content (STEC) for each ray "GPS satellite station" can be obtained from the same GPS measurements, due to the effects of the ionosphere (a dispersive medium) on the phase and group delay of the electromagnetic (EM) waves crossing this media, Asg, Asp. As is well known [see, for example, Davies, 1990 model of the overall ionosphere (using all the IGS data). To do so, we solve equation (9) 
Computations and Results
Data
The main features of the data sets used (provided by the IGS via anonymous ftp) are summarized in Table 1 . Also, the distribution of stations is plotted in Figure 2 . In order to maximize the amount of data, we do not reject observations taken at low elevations, due to the fact that the multipath practically does not affect the L1-L2 phase data. Another advantage of this approach, of dividing each ray into subrays of a certain length L, is that it introduces a fuzzy feature in the borders between cells which is equivalent to an implicit smoothing in the solution, depending on L. However, this implicit constraint of continuity could increase the discretization error (which would be like increasing the mean size of the cells).
